Objective: To assess the practicability of integrated medical and surgical management and the effectiveness of tonsillectomy in children with PFAPA syndrome (periodic fever, aphthous stomatitis, pharyngitis, and cervical lymphadenopathy).
T HE MEDICAL SYNDROME clinically characterized by the association of periodic fever, aphthous stomatitis, pharyngitis, and cervical lymphadenopathy was first described in 1987 by Marshall et al 1 and was subsequently called fever, aphthous stomatitis, pharyngitis, and cervical lymphadenopathy (FAPA) syndrome by Feder and Bialecki in 1989 . 2 In the same year, Marshall et al 3 renamed it PFAPA syndrome to underline the distinctiveness of the clockwork periodicity of events and thus include it in the differential diagnosis of periodic fever syndromes in children. The diagnostic criteria for typical PFAPA syndrome according to Marshall et al 3 include the following: (1) onset of disease before 5 years of age; (2) regularly recurring, abrupt episodes of fever lasting about 5 days with constitutional symptoms associated with both (a) aphthous stomatitis and/or pharyngitis (with or without cervical adenitis) without other signs of respiratory tract infection and (b) acute inflammatory markers (leukocytosis or elevated erythrocyte sedimentation rate); (3) completely asymptomatic interval period, normal growth parameters, benign long-term course, and no sequelae; (4) exclusion of cyclic neutropenia; (5) exclusion of other periodic fevers; and (6) exclusion of immunodeficiency, autoimmune diseases, or chronic infections.
Although the exact etiology of PFAPA syndromeisstillunknown,onetemptinghypothesis suggests that the presence of infections and aberrant cytokine regulation are successive steps in a single etiopathogenic process, well described by neologism "kinection" put forth by Long. 4 On the basis of the partial clinical overlap between PFAPA syndrome and other periodic fevers that are known to be hereditary (ie, hyperIgD syndrome, familial Mediterranean fever, cyclic neutropenia), some authors have investigated the possible role of genetic abnormalities such as the Mediterranean fever gene mutations responsible for immunological deregulation 5, 6 ; however, there is still no convincing evidence of their occurrence in children with PFAPA syndrome.
In terms of treatment, in addition to traditional medical therapy, surgery has been judged to be an effective therapeutic option in a few, mainly retrospective, studies because it is capable of removing the supposed antigen in lymphatic tissue that triggers the autoimmune reaction and switching off the phlogosis in tonsillar tissue. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The management of PFAPA syndrome in children was initially entrusted to pediatricians alone but is now considered to need the cooperation of an adequately trained ear, nose, and throat (ENT) specialist. In this way, patients would be referred to specific second-level pediatric settings to confirm the diagnosis and establish the most appropriate treatment on the basis of an integrated medical and surgical therapeutic protocol.
The present study considered the multidisciplinary management of PFAPA syndrome in children, with particular reference to the clinical impact of tonsillectomy with the aim of encouraging ENT specialists to consider the syndrome among all the possible differential diagnoses of periodic fever, aphthous stomatitis, and pharyngitis.
METHODS
Of 30 children seen between January 2002 and December 2007 at the Pediatric and Otorhinolaryngological Departments of University of Milan, Milan, Italy, because of periodic fever, 18 fulfilled the traditional diagnostic criteria for PFAPA syndrome according to the diagnostic criteria of Marshall et al. 3 After excluding other causes of periodic fever, PFAPA syndrome was diagnosed after at least 6 months of clinical observation and careful examinations of parent-completed monthly diaries providing detailed descriptions of each episode, symptom, and related sign, including periodic fever, aphthous stomatitis, pharyngitis, cervical lymphadenopathy, abdominal pain, arthralgia, headache, nausea or vomiting, diarrhea, and anorexia, as well as any treatments received. During acute exacerbations, on at least 1 occasion, all of the patients underwent assessments of erythrocyte sedimentation rate; hemochromogen, C-reactive protein, and anti-streptolysin O antibody levels; and pharyngeal swab positivity for group A ␤-hemolytic streptococcus (GABHS). Immunoglobulin titers, including IgD, and anti-herpes simplex virus 1, anticytomegalovirus, and anti-Epstein-Barr virus, were also measured.
The patients were divided into 5 groups on the basis of their clinical pattern of disease (CPD): group 1 included the patients with increasingly frequent episodes over time; group 2, those with no change in episode frequency over time; group 3, those with alternating remissions and relapses; group 4, those with decreasingly frequent episodes over time; and group 5, those with clinical resolution (modified from Tasher et al 12 ). Initially, prednisolone (1 mg/kg) was administered to all of the patients during acute attacks, and some also received prophylactic treatment with cimetidine (200 mg, 3 times a day) for at least 6 months. Patients in groups 1 and 2, because of the absence of spontaneous remission during the clinical observation period and the failure of traditional medical therapy in avoiding recurrences, underwent tonsillectomy between November 2003 and July 2007. Their tonsillar specimens were molecularly searched for atypical bacteria (Mycoplasma pneumoniae and Chlamydia pneumoniae) and some respiratory viruses, including respiratory syncytial virus A and B, influenza virus A and B, parainfluenza virus 1, 2, and 3, and adenoviruses.
Mycoplasma pneumoniae was detected using the nested polymerase chain reaction (PCR) developed by Abele-Horn et al, 17 and C pneumoniae was detected by means of the nested PCR developed by Tong and Sillis. 18 Mycoplasma pneumoniaespecific amplification was performed using the MP-1 and MP-2 primer set and nested PCR using the MUH-1 and MUH-2 primers. 17, 19 Touchdown-nested PCR for the detection of C pneumoniae DNA was performed using primers designed to detect the major outer-membrane protein. 18, 20 The respiratory viruses were detected by means of real-time PCR using a RotorGene 3000 (Corbett Research, Cambridge, England). The primers were designed from the conserved regions of genes codifying the matrix protein, the nucleoprotein, the fusion protein, hemagglutinin neuraminidase, and the hexon antigen of influenza viruses A and B, respiratory syncytial virus, the parainfluenzae viruses, and adenoviruses. 21, 22 A threshold cycle value was calculated for each sample by determining the point at which the fluorescence exceeded a threshold limit of 0.01.
The occurrence of episodes was evaluated for each patient by means of a preoperative and postoperative score index of occurrence (SIO): ie, the mean ratio between the number of episodes and the time from their onset (preoperatively) or from tonsillectomy (postoperatively). In the case of pharyngeal swab positivity or in the presence of clinical signs of concomitant infections, episodes were excluded from SIO computation. The patients underwent periodic pediatric and otolaryngological assessments after tonsillectomy, and their parents were asked to continue completing monthly diaries with reports of any subsequent episodes. All the patients and their parents were informed about the aim of the study and gave their written consent to the procedure and follow-up.
The significance of the association between postoperative outcomes (postoperative CPD, SIO, and the duration of residual episodes) and age at tonsillectomy was tested using the Fisher exact test. The differences in CPD, SIO, and the mean duration of PFAPA episodes before and after tonsillectomy were tested using the Wilcoxon signed-rank test. PϽ.05 was considered statistically significant. Table 1 summarizes the preoperative demographic characteristic, clinical features, and laboratory results relating to the patients in the nonsurgical (NSG) and surgical group (SG); and Table 2 summarizes the preoperative distribution of the patients by CPD.
RESULTS
In addition to periodic fever and pharyngitis, which occurred in all patients, cervical lymphadenopathy and aphthous stomatitis were reported in 16 patients each (89%). Twelve patients (67%) (7 in the NSG and 5 in the SG) showed the typical symptomatic cluster of PFAPA syndrome variably associated with atypical symptoms such as abdominal pain (8 patients During recurrences, regular pharyngeal swabs for the assessment of GABHS positivity were useful to exclude acute infectious processes; the occurrence of GABHS positivity, observed in no more than 1 event, was not considered a PFAPA episode and thus was not included in SIO computation.
Prednisolone therapy did not lead to lasting remission in the SG, whereas prophylactic treatment with cimetidine administered to 10 patients (3 in the SG) was effective in 86% of the treated NSG patients and ineffective in all 3 SG patients (Table 1) .
Nine patients underwent tonsillectomy (2 in CPD group 1 and 7 in CPD group 2) without any surgical complications. All experienced a subjective and clinical improvement: 5 patients (56%) completely recovered; 3 (33%) continued to experience sporadic PFAPA events but without clockwork periodicity, and 1 (11%) experienced further occasional relapses after a transient clinical remission. Furthermore, 4 patients (44%) occasionally presented isolated aphthous stomatitis after surgery.
Comparison of the preoperative and postoperative CPDs revealed a significant difference in median values, with a clear shift toward higher classes, as a result of significant clinical improvement in all patients (Figure 1) . Postoperatively, complete cessation of episodes was observed in 5 cases (as attested by passage to CPD group 5), and a consistent reduction in frequency of episodes occurred in 3 cases (as attested by passage to CPD group 4). The remaining patient showed the alternation of remissions and relapses after surgery (as attested by passage to CPD group 3). Moreover, findings from statistical analysis showed a postoperative reduction of PFAPA episodes during the observational period, corresponding with a significant postsurgical SIO decrease (P=.005) ( Figure 2) ; in patients with incomplete recovery after tonsillectomy, a statistically significant reduction in the duration of residual PFAPA episodes (P=.03) was also observed (Figure 3) . Table 3 compares the preoperative and postoperative symptomatic clusters in the SG. There was no association between postoperative outcomes (postoperative CPD, SIO, and the duration of residual episodes) and age at tonsillectomy.
The mean follow-up period after tonsillectomy was 26 months (range, 12-53 months); the mean follow-up period from the time of first observation in the study population as a whole was 61 months (range, 6-74 months).
Molecular analysis of tonsillar tissue showed the absence of nucleic acids belonging to atypical bacteria, respiratory syncytial virus A and B, influenza viruses A and B, and parainfluenza viruses 1, 2, and 3 in all of the specimens and the presence of adenovirus in 1 case.
Of the 9 patients in the NSG, 8 had a stable CPD, 1 of whom (in CPD group 2) was scheduled for surgery. The ninth patient was lost to follow-up after a brief period.
COMMENT
Although medical therapy is currently used in patients with PFAPA syndrome both preventively (with cimetidine therapy) and during acute exacerbations (with corticosteroids), there is little evidence that it has any notable impact on the natural history of the disease, 23 and it is not used in some countries such as Finland. 24 Furthermore, the effectiveness of tonsillectomy in patients with PFAPA syndrome is still a matter of debate, and only [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] ; most of these support the efficacy of tonsillectomy, with complete recovery in 64% to 100% of cases, 7, 9, 11, 12, [14] [15] [16] but the possibility of an incomplete recovery or a stationary clinical picture is well known. 7, 8, 10, 15, 16 Leong et al 23 have recently expressed some hesitancy about the effectiveness of tonsillectomy in children with PFAPA syndrome, based on the heterogeneity of the surgical success rate, 7-12 the tendency for spontaneous resolution of the syndrome, the limited series of patients reported, and the scarcity of prospective studies.
In line with previously published findings, 9,11,12,14-16 our results document complete clinical recovery or a significant clinical improvement in 100% of the treated cases: complete recovery in 5 (56%); sporadic postoperative PFAPA events without periodicity in 3 (33%); and further occasional relapses after a transient clinical remission in 1 (11%). Isolated aphthous stomatitis occasionally presented in 4 cases (44%) but without any further PFAPA episodes. To our knowledge, similar findings have not been previously reported, although Thomas et al 7 described persistent recurrent aphthae despite a reduction in febrile episode in 2 of 11 patients who underwent tonsillectomy; however, it is not clear whether this was associated with other PFAPA symptoms.
In our case series, the objective clinical improvements were reflected in the finding of a statistically significant difference between the preoperative and postoperative CPDs, with a clear shift toward higher classes in all of the patients, a statistically significant reduction in the postoperative SIO (P=.005), and a significant postoperative reduction in the duration of residual PFAPA episodes (P=.03). Furthermore, the patients with postoperative recurrences had less severe symptomatic clusters compared with before surgery; periodic fever and pharyngitis were the only symptoms in 2 patients and were accompanied by pharyngitis and headache in one patient and by headache and arthralgia in the other. b 1 Indicates more frequent recurrence of episodes over time; 2, no change in frequency of episodes over time; 3, less frequent recurrence of episodes over time; 4, alternation of remission and relapses; and 5, clinical resolution.
c One patient was lost to follow-up. Published data indicate the possible role of microorganisms in PFAFA syndrome, as the chronic viral infections and periodic episodes of high fever, pharyngitis, and cervical adenitis suggest their direct or indirect involvement. 25, 26 We examined the presence of atypical bacteria and respiratory viruses in the tonsillar tissue specimens of 9 patients in CPD groups 1 and 2, which, to our knowledge, is the first time that such specimens from patients with PFAPA syndrome have been molecularly analyzed for M pneumoniae, C pneumoniae, and viruses by means of nested and real-time PCR. Our preliminary data (given the small number of patients) show the involvement of adenovirus in 1 case and the absence of colonization by other respiratory viruses or atypical bacteria. However, further studies with larger numbers of patients are necessary to establish the real role of adenovirus or other viruses in PFAPA syndrome.
Our results documenting complete clinical recovery or a significant clinical improvement in 100% of the treated patients, with the complete cessation of episodes in 56% of cases and the persistence of sporadic residual episodes in 44% (33% without clockwork periodicity and 11% with relapses after remission), are in line with previously published findings, 7, 15, 16 although our complete success rate may appear slightly lower. This may be because, unlike those in previous studies, all of our patients were stratified into different classes on the basis of their CPDs, which were established by means of long-term regular follow-up visits to our pediatric immunological and otolaryngological facilities. Only selected cases underwent tonsillectomy, ie, the children with more severe clinical features unresponsive to traditional medical therapy who experienced increasingly frequent recurrences of PFAPA episodes over time (CPD group 1) or in whom the frequency of the episodes did not change (CPD group 2). 12 Most of the previous studies are retrospective, and their postoperative follow-up periods were not always predetermined. They sometimes included children who actually had recurrent infections as children with PFAPA syndrome. 23, 27 To our knowledge, only 1 randomized controlled trial on PFAPA syndrome has been published, 14 although it presents some patients not fulfilling the accepted diagnostic criteria for PFAPA syndrome. 24, 27 On the contrary, our case series only included patients strictly fulfilling the diagnostic criteria for PFAPA syndrome, as our findings of sporadic positivity to serological tests for herpes simplex virus, cytomegalovirus, and Epstein-Barr virus and occasionally slightly increased levels of IgD, probably reflecting the activation of phlogistic status in affected children, are consistent with the literature. 5, 7, 28 Moreover, during recurrences, regular pharyngeal swabs for the assessment of GABHS positivity were useful to exclude acute infectious processes; the occurrence of GABHS positivity, observed in no more than 1 event, was not considered a PFAPA episode and thus was not included in SIO computation. In addition, we suspect that patients with occasional further episodes are sometimes considered completely recovered: for example Renko et al 14 claimed that all 14 of their surgically treated patients showed a complete clinical recovery, although 4 experienced 1 episode compatible with periodic fever during the 6 months after tonsillectomy.
Finally, we believe that ENT specialists who evaluate recurrent upper airway infections in children should be trained to recognize this hardly debilitating syndrome to set up an appropriate therapeutic protocol with the cooperation of second-level pediatric facilities, deputed to the exclusion of other causes of periodic fever. 7, 29 In conclusion, ENT specialists should be trained to recognize PFAPA syndrome, for which the current management consists of regular and prolonged clinical observation within an integrated otolaryngological and pediatric diagnostic and therapeutic protocol. Our preliminary results support the importance of stratifying the patients, and we cautiously suggest that tonsillectomy is appropriate in children who do not improve spontaneously or do not respond to traditional medical therapy. However, randomized trials with more conspicuous case series could be useful to achieve clearer data, since the etiology is still unknown and currently adopted therapies are, at present, just alluring attempts. 
